Data are presented which demonstrate no correlation between atrial electrical activity and diameter changes in the descending thoracic aorta of dogs or rabbits. The experiments conducted included bypassing a segment of the descending thoracic aorta in dogs, and production of a variety of arrhythmias without the bypass in dogs and rabbits. We found no evidence of electrical stimulation-induced phasic activity as suggested by other authors. (Circ Res 56: 690-695, 1985) 
SUMMARY. Data are presented which demonstrate no correlation between atrial electrical activity and diameter changes in the descending thoracic aorta of dogs or rabbits. The experiments conducted included bypassing a segment of the descending thoracic aorta in dogs, and production of a variety of arrhythmias without the bypass in dogs and rabbits. We found no evidence of electrical stimulation-induced phasic activity as suggested by other authors. (Circ Res 56: 690-695, 1985) TRUE understanding of many vascular diseases, characterization of detailed hemodynamics, and the design criteria for most, if not all, cardiovascular prosthetic devices, depend empirically on knowledge of normal and abnormal vascular mechanical behavior. Classically, the arterial tree has been described as being an elastic or viscoelastic conduit network (Bergel, 1961a (Bergel, , 1961b Gow, 1972; Patel and Vaishnav, 1972; Dobrin, 1978) . Bergel (1961b) has described the elastic properties of arteries in vitro in terms of the dynamic elastic modulus. Another dynamic elastic modulus using the frequency domain has been described by Cox (1975) . Pseudoelasticity of arteries has been defined in vitro by Fung et al. (1979) using the stress-strain relationship of preconditioned arteries subjected to cyclic loading and unloading. The term pseudoelasticity indicates that, in spite of the inelastic, anisotropic, nonlinear properties of arteries, the concept of elasticity can be used if loading and unloading phenomena are separated and identified. Mangel et al. (1982) suggested the possibility of sinoatrial node-controlled phasic aortic contractility. If true, the implications of these observations on the mechanical behavior of arteries are very significant. The existence of pacemaker-controlled phasic electrical stimulation of the vascular smooth muscle of major conduit arteries would have a significant impact on how we describe the mechanical properties of these vessels, since all of the current theories are based on passive elastic or viscoelastic models.
Most investigators have agreed that the primary function of vascular smooth muscle is to maintain vasomotor tone. Changes in tone may have significant effects on the viscoelastic properties of arteries (Gow, 1972; Dobrin, 1978; Cox, 1982) . However, substantial evidence has been presented in support of rhythmic activity in a variety of vascular smooth muscle preparations. Nicoll and Webb (1955) and D'Agrosa (1970) have demonstrated active vaso-motion in the form of peristaltic waves in bat wing arterioles and veins. Subcutaneous arterial strips from the dog's paw have shown spontaneous rhythmic activity in response to a variety of vasoactive agents (Johansson and Bohr, 1966) . Superior mesenteric vein strips from the guinea pig have been described as being capable of spontaneous contractile activity when incubated in warm, modified Kreb's solution (Nakajima and Horn, 1967) . Biamino and Kruckenberg (1969) showed that rhythmic contractions could be induced in helical aortic strips from rats by adding norepinephrine or by increasing external potassium ion concentration. Hermsmeyer (1979) observed spontaneous contractions and relaxations of isolated arterial muscle cells from the rat or chick at a rate of 5 beats/sec. Using a skinfold window preparation, Colantuoni et al. (1984) recently described rhythmic vasomotion in the arterial microvasculature of hamsters. Histamineinduced rhythmic contractions have been observed in swine carotid arteries (Stein and Driska, 1984) . Our study was designed to test the hypothesis that the thoracic aorta behaves in a purely viscoelastic manner without a demonstrable active component.
Methods

Bypass Experiments
Three mongrel dogs were used in this series which included bypassing a segment of aorta, as done by Mangel et al. (1982) . For the bypass procedure, the dogs were preanesthetized with acepromazine maleate (0.25 mg/kg, im) and anesthetized with sodium pentobarbital (20 mg/kg, iv). An airway was provided by means of an endotracheal tube, and the dogs were maintained with positive pressure ventilation after the thorax was opened. Physiological saline was administered intravenously at a rate of 200 ml/hr by means of a catheter inserted into the jugular vein. A high-fidelity catheter-tip manometer (Millar Mikro-tip model PC-350) was inserted into the carotid artery to the level of the aorta to measure blood pressure proximal to the bypass. A median sternotomy was used to enter the thoracic activity. A 5-to 8-cm segment of the descending thoracic aorta was isolated, and branches leading from this segment were ligated to prevent excessive backflow of blood into the bypassed segment. Change in aortic diameter (AD) was measured with an ultrasonic dimension gauge activated by a Metrotek MP203 pulser and a Metrotek MR101 receiver. A more detailed description of the dimension gauge system used has been given (Gross et al., 1981) . Piezoelectric dimension gauge transducers with a frequency of 3.5 MHz were dipped in epoxy and attached to Dacron patches. These transducers were arranged across the diameter of the descending thoracic aorta, then connected to the dimension gauge system by flexible copper leads to measure AD. Alignment of the crystals was verified during the procedure, with an oscilloscope displaying the received ultrasonic signal.
The aorta was cross-clamped proximal to the bypass site. The bypass procedure was performed using two aortic perfusion cannulas that were joined with a tubing connector. Each cannula was secured in place with a snare. They were connected together while saline was instilled at the junction to prevent an air bubble from entering the arterial system. The aortic cross-clamp was then removed, and blood was shunted around the bypassed aortic segment. The dog was previously heparinized (150 units/kg, iv) to prevent blood clotting within the bypass tubing during the experiment. Half of the heparin dose was repeated every 30 minutes. Pressure in the bypass tubing was measured with a Statham P23dB strain transducer connected to a fluid-filled pressure tap in the shunt.
The pericardial sac was opened and transcardiac bipolar leads were attached to monitor the electrical activity of the heart. All measurements were recorded on a Gould Mark 200 eight-channel oscillograph throughout the experiment. Baseline measurements of the electrocardiogram (ECG), aortic pressure (Pao), bypass pressure (Pbp), and change in aortic diameter (AD) were made before the bypass was performed, and the same measurements were repeated after the bypass was in place and functioning.
Atrial Stimulation
Atrial stimulation was used to test for a conduction pathway between the atrium and the aorta. Two dogs were anesthetized with sodium pentobarbital (30 mg/kg) and surgery was performed, except for the bypass procedure, as previously described. In this experiment, the auricle of the right atrium was isolated and the positive electrode of a bipolar lead was attached to this appendage. The heart was stimulated with 0.5-, 1-, and 2-mV single stimuli while measurements of the ECG, Pao, and AD were made. The stimulating electrodes were then removed and the dogs were used in one or more of the following arrhythmia experiments.
Arrhythmia Production
Five dogs (including the two from the atrial pacing experiments) and five rabbits were used in these studies. Some of these animals were used for more than one perturbation. Rabbits were anesthetized with ketamine (75 mg/kg) and acepromazine maleate (0.75 mg/kg) mixed in the same syringe and given intramuscularly. A tracheostomy was performed, and the rabbits were mechanically ventilated. The jugular vein was cannulated for administration of fluids and additional anesthesia, as required. Rabbits were instrumented the same as the dogs for recording of ECG, aortic pressure, and AD. Following baseline recordings of Pao, AD, and ECG, a variety of perturbations were introduced to produce an assortment of arrhythmias. Ventricular tachycardia was produced during the rebound period after administration of acetylcholine (0.025 mg/kg), iv, in three dogs. Premature ventricular contraction(s) (PVC) were induced with topical application of methacholine, followed by mechanical stimulation in three dogs and three rabbits and by ventricular intramyocardial injection of formalin in two rabbits. Phenylephrine (0.02 mg/kg, iv) produced PVC in three dogs. Atrial flutter and/or fibrillation was induced by local administration of methacholine (1 mg/ml) and by then stimulating the sensitized atrial myocardium with the tip of a 25-gauge needle (five dogs). A complete atrioventricular conduction block was produced by the injection of 0.1-0.2 ml of 10% buffered neutral formalin into the base of the interventricular septum (three dogs and two rabbits). Techniques for the latter procedure have been described in detail by Guzman et al. (1959) and Steiner and Kovalik (1968) . Atrial fibrillation was induced by interatrial septal injection of 0.1 ml of 10% buffered neutral formalin (one dog). The effects of these arrhythmias on the relationships between Pao, AD, and the electrical activity generated by the heart then were evaluated with respect to sinoatrial (SA) node control of aortic smooth muscle. After all of the experimental protocols had been completed, all animals were killed with an overdose of barbiturate. Figure 1A shows baseline recordings of Pao, Pbp (before opening the bypass), ECG, and AD from dog no. 1. The aortic diameter changes coincided with the aortic pressure waveforms. Figure IB shows representative recordings of Pao, Pbp, ECG, and AD after the bypass had been opened. No well-defined rhythmic aortic contractile activity, in synchrony with the pressure waves, was apparent. Although slight changes in aortic dimensions were recorded, these changes in the bypassed segment were attrib-FIGURE 3. Atrial fibrillation induced by mechanical stimulation of the right atrial appendage of dog no. 4 after sensitizing that area with 1 ml of methacholine (1 mg/ml). Change in aortic diameter (AD) is associated in a one-to-one relationship with the aortic pressure (Pao) waveform and not the intermittent F-waves on the electrocardiogram (ECC). This evidence suggests that there are no rhythmic aortic contractions controlled by electrical activity originating in the atria. Baseline recordings from this same dog are shown in Figure 2 . The pressure waveform is recorded from a high-fidelity catheter-tipped manometer, but there may be some electronic "noise" in the diameter signal in this figure. uted to movement transmitted by means of the direct tethering of the heart to the aorta. It was possible to detect visually this beat-by-beat movement during the experiment. The tethering of the perivascular connective tissue and the aortic side branches also played a role in the character of the movement seen. There was some baseline shifting of the ECG and AD signals, as shown in Figure IB , due to positive pressure ventilation. Note the decrease in aortic pressure associated with the opening of the bypass. In Figure 1A , before the bypass was opened, there was no pressure in the bypass (Pbp); after it was opened, the pressure waveform was seen. Atrial Stimulation Figure 2 illustrates baseline measurements of AD, ECG, and Pao from dog 4. Application of a 1-mV stimulus to the right atrial appendage produced a deflection that registered on the ECG. There was no corresponding deflection in the AD. Transmission of any electrical signal originating on or near the heart would be expected to follow the same pathway to the aorta as an impulse originating in the SA This demonstrates that AD is unrelated to the electrical activity generated by the sinoatrial node, since the P-waves are not associated with corresponding deflections in AD. Baseline recordings from this dog are shown in Figure 3. node. If the SA node stimulus resulted in an aortic contraction, we would expect a response to the stimulus in the AD recordings. Similar negative results were obtained with 0.5-and 2-mV single stimuli.
FIGURE 1. Panel A: dog no. 1 baseline data for aortic pressure (Pao) measured proximal to the bypass, bypass pressure (Pbp) within the bypass tubing prior to opening the bypass, electrocardiogram (ECC), and change in aortic diameter (AD) before opening the by-pass. Panel B: same dog; recordings following bypass of a segment of the thoracic aorta. The diameter changes measured on the bypassed aortic segment no longer track the pressure waveforms. There is still electrical activity, but no indication of any organized diameter changes occurring. One-second time marks are indicated at the top of each panel. Paper speed is indicated in the lower portion of each panel.
Results
Bypass Experiment
Arrhythmia Production
The experiments conducted in this series were designed to demonstrate the effects of various induced arrhythmias on the relationships between AD, Pao, and the ECG. Figure 3 illustrates atrial fibrillation induced by mechanical stimulation of a methacholine-sensitized atrium (dog 4). Although there is no SA node activity, there are F-waves with the same amplitude as P-waves. The change in diameter corresponded to the aortic pressure waveform, not to any electrical activity from the atria; i.e., there was no correlation with the F-waves on the ECG. Ventricular tachycardia, during the rebound period following the intravenous injection of acetylcholine, provided another example of the independence of AD from cardiac electrical activity (Fig. 4B) . The AD is associated with only the Pao, not with electrical activity from the heart. Figure 4A shows the baseline values for this dog (no. 5). Figure 5 shows the same response to ventricular tachycardia seen in rabbit no. 4 after mechanical stimulation.
The recordings in Figure 6B (dog 6) demonstrate a definite lack of synchronicity between ventricular electrical activity of multifocal origin and the change in aortic diameter. Figure 6A shows baseline recordings from the same dog. Similar results were seen in two other dogs and two rabbits following intramyocardial formalin injections. In all five cases, the electrical activity generated by the heart had no apparent effect on the obviously pressure-dependent AD.
Representative recordings of a complete atrioventricular (AV) conduction block are shown in Figures 7 (dog no. 4) and 8 (rabbit no. 5). Again, there was no evidence of SA node-controlled rhythmic aortic contractile activity. Baseline values for dog no. 4 can be seen in Figure 3 . In all cases of complete AV block (three dogs and two rabbits), AD was associated with the pressure waveform, not the P-wave.
Discussion
On the basis of these findings, we conclude that there is no SA node-controlled, active, beat-by-beat component of aortic mechanical behavior in dogs or rabbits. Peterson et al. (1960) found no evidence suggesting that the arteries undergo active contraction synchronous with the cardiac cycle. As they point out, such behavior would require a peculiar type of diastolic relaxation not in agreement with available data on temporal behavior of vascular smooth muscle. While doing these experiments, it was obvious to us that the large conduit blood vessels are well tethered to the beating heart and, with each heart beat, there was gross movement, especially in the longitudinal direction, separate from the diameter and longitudinal segment length movements associated with the pressure pulse. Any longitudinal movement of this nature would be translated into a dimension change in the experimental setup used by Mangel et al. (1982) .
If there is beat-to-beat contraction of the aorta, it obviously is not stimulated by electrical signals starting at the SA node or other locations in the atria or ventricles. Figures 1-8 offer substantial documentation against this hypothesis.
